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Abstract
Introduction: TRIP11 is a multifunctional protein localising either to Golgi apparatus, acting as a golgin, or in the nucleus, acting as coac-
tivator of transcription mediated by thyroid hormone receptor (THR) and hypoxia-inducible factor (HIF). Triiodothyronine (T3) regulates 
nuclear localisation of TRIP11 by inducing its phosphorylation. The exact mechanism of this regulation is unknown. The expressions of 
THR and HIF are disturbed in various cancers, including renal cell cancer (RCC). In this study, we aimed to analyse: 1) the mechanism 
of T3-dependent subcellular localisation of TRIP11; and 2) the significance of TRIP11 and T3 signalling pathway in RCC progression.
Materials and methods: TRIP11 subcellular localisation was analysed using immunocytochemistry in RCC-derived cell line treated 
with T3, T3-agarose, and PI3K inhibitor, wortmannin. The expressions of TRIP11 and genes involved in T3 signalling and hypoxia were 
investigated using qPRC in 36 pairs of RCC tumour-control samples, followed by validation/survival analysis in an independent cohort 
of > 450 renal cancer patients.
Results: Wortmannin disrupted T3-dependent nuclear transport of TRIP11. T3-agarose did not change TRIP11 localisation, precluding 
extracellular T3-mediated mechanism. The expressions of TRIP11, HIF-1β, THRA, THRB, FURIN, VEGFA, and GLUT1 were disturbed 
in renal cancer. Expressions of TRIP11 and HIF-1β correlated with tumour grades. Decreased expressions of TRIP11, THRA, and THRB 
correlated with poor survival of RCC patients.
Conclusions: 1. T3 induces nuclear TRIP11 localisation via PI3K-dependent mechanism. 2. disturbed expression of T3 signalling pathway 
genes correlates with RCC progression. The specific mechanisms by which altered T3 signalling may contribute to RCC progression require 
further investigation. (Endokrynol Pol 2017; 68 (6): 631–641)
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Streszczenie
Wstęp: TRIP11 jest wielofunkcyjnym białkiem lokalizującym się w aparacie Golgiego lub w jądrze komórkowym, gdzie działa jako koak-
tywator transkrypcji zależnej od receptorów hormonów tarczycy (THR) i czynnika indukowanego hipoksją (HIF). 3,5,3’-trójjodotyronina 
(T3) reguluje subkomórkową lokalizację TRIP11 wpływając na jego fosforylację. Dokładny mechanizm tej regulacji jest jednak nieznany. 
Ekspresja THR i HIF jest zaburzona w nowotworach, w tym w raku nerkowokomórkowym (RCC). Celem pracy było poznanie: 1. mecha-
nizmu, za pośrednictwem którego T3 indukuje zmiany w lokalizacji TRIP11; 2. znaczenia TRIP11 i ścieżki sygnałowej T3 w progresji RCC.
Materiały i metody: Lokalizację komórkową TRIP11 określano immunocytochemicznie w wywodzącej się z RCC linii komórkowej 
traktowanej T3, T3-agarozą i wortmaniną (inhibitorem kinazy PI3K). Ekspresja TRIP11 i genów zaangażowanych w odpowiedź komórki 
na T3 i hipoksję badano metodą qPCR w 36 parach guz RCC–kontrola nienowotworowa. Walidację wyników analizy qPCR oraz analizę 
czasu przeżycia prowadzono na niezależnej kohorcie chorych z RCC (n > 450).
Wyniki: Wortmanina blokuje indukowany przez T3 transport TRIP11 do jądra komórkowego. T3-agaroza nie wpływa na lokalizację 
TRIP11, co wyklucza zewnątrzkomórkowy mechanizm działania T3. Ekspresja TRIP11, HIF-1β, THRA, THRB, FURIN, VEGFA i GLUT1 
jest zaburzona w RCC. Ekspresja TRIP11 i HIF-1β koreluje ze stopniem zaawansowania nowotworu. Obniżona ekspresja TRIP11, THRA 
i THRB koreluje z krótszym czasem przeżycia chorych z RCC.
Wnioski: 1. T3 zmienia lokalizację TRIP11 na jądrową poprzez mechanizm zależny od kinazy PI3K. 2. Zaburzona ekspresja genów ścieżki 
T3 koreluje z czasem przeżycia chorych z RCC. Dokładny mechanizm, za pośrednictwem którego T3 może wpływać na progresję RCC 
wymaga dalszych badań. (Endokrynol Pol 2017; 68 (6): 631–641)
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Introduction
Thyroid hormone 3,5,3’-triiodothyronine (T3) is an 
important regulator of key cellular processes, including 
proliferation, apoptosis, and metabolism. The proteins 
involved in T3 signalling pathway include thyroid hor-
mone receptors (THR) that regulate expression of target 
genes in a T3-dependent manner. Previous studies 
revealed that T3-THR actions are disturbed in cancers, 
including renal tumours [1–4], and actively contribute 
to the process of cancerogenesis. The transcriptional 
activity of THRs is regulated by co-regulatory proteins, 
including TRIP11.
TRIP11 is a multifunctional protein involved in 
functioning of Golgi apparatus and regulation of gene 
expression. Coincidently with its different functions, 
TRIP11 can localise either to Golgi apparatus, acting as 
a golgin [5], or the nucleus, acting as coactivator of tran-
scription. TRIP11 (also named TRIP230 and GMAP-210) 
was initially discovered as a protein interacting with 
retinoblastoma protein (Rb) and THR [6]. In the pres-
ence of T3, TRIP11 binds THRs and enhances THR-
dependent transcription. Furthermore, TRIP11 acts 
also as a coactivator of hypoxia-inducible factor (HIF). 
By binding to ARNT (HIF-1β), a dimerisation partner 
of HIF-1α, TRIP11 contributes to the activation of 
HIF-1α-regulated genes [7]. The coactivator function 
of TRIP11 is inhibited by retinoblastoma protein that 
interacts with TRIPI11 and interferes with its binding 
to THRB and ARNT [8].
The transcription-related functions of TRIP11 in-
dicate that it acts on the crossroads of two important 
signalling pathways, induced by hypoxia and thyroid 
hormones. Remarkably, both these pathways are 
involved in carcinogenic process. Hypoxia and activa-
tion of HIFs are a hallmark of solid tumours, resulting 
in stimulation of multiple genes that promote cancer 
progression [9]. Likewise, T3 and its receptors also influ-
ence multiple genes involved in cancer development 
and progression [1, 10, 11]. Remarkably, both these 
pathways share common gene targets, such as VEGF 
(vascular endothelial growth factor) or GLUT1 (glucose 
transporter 1) [12–15].
The knowledge of mechanisms that regulate function-
ing of TRIP11 is thus important for understanding the 
tumour-related alterations in signalling pathways induced 
by hypoxia and T3. The activity of TRIP11 in the cell highly 
depends on its subcellular localisation. Remarkably, it was 
shown that T3 regulates nuclear localisation of TRIP11 by 
inducing its phosphorylation [16]. The exact mechanism 
of this regulation is, however, unknown. 
Regarding the significance of TRIP11 in the regula-
tion of two signalling pathways important for cancer 
initiation and progression, in this work we aimed to 
analyse the mechanism of T3-induced cellular localisa-
tion of TRIP11. Furthermore, taking into consideration 
that both TRIP11-related pathways (induced by hypoxia 
and T3) are disturbed in renal cancer, we also explored 
the network of correlations between the genes involved 
in hypoxia and T3 signalling as well as the significance 
of TRIP11 and T3 signalling pathway in the progression 
of this tumour.
Material and Methods
Cell culture and immunocytochemistry
Caki-2 cells (ATCC — HTB-47) were cultured according 
to manufacturer protocol. 0.4 × 105 cells were seeded 
on Φ12-mm ethanol sterilised cover slides (Carl Roth 
GmbH Karlsruhe, Germany) placed in 24-well plates, 
and cultured in medium supplemented with charcoal-
stripped FBS (Sigma-Aldrich, St. Louis, MO, USA). After 
24-h incubation the medium was renewed and cells 
were treated for one hour with 100 nM wortmannin 
(Sigma-Aldrich, St. Louis, MO, USA) or vehicle. Me-
dium was renewed and T3 (Sigma Aldrich), T3-agarose 
(MPBiomedicals, Eschwege, Germany), or vehicle was 
added. Following one hour of treatment the cells were 
fixed with 4% paraformaldehyde, rinsed with PBS, in-
cubated (3 × 5 minutes) with detergents [0.5% saponin 
and 0.5% Triton X-100 (Sigma Aldrich)], and incubated 
for one hour in blocking buffer [10% horse serum and 
0.3% Triton X-100 in PBS (Sigma Aldrich)]. Then cells 
were incubated overnight at 4°C with anti-TRIP11 
antibody (BD Biosciences, Franklin Lakes, NJ, USA) 
diluted 1:50 in PBS with 2% horse serum, and 0.3% 
Triton X-100. The slides were washed (3 × 5 minutes) 
with washing buffer (2% horse serum and 0.3% Triton 
X-100 in PBS), incubated for one hour with blocking 
buffer, and incubated for 20 minutes with secondary 
anti-mouse antibody conjugated with fluorophore Cy2 
(Abcam, Cambridge, UK). Following additional washes 
(3 × 5 minutes) with washing buffer, the cells were in-
cubated for five minutes with DAPI (100 ng/ml) (Sigma 
Aldrich) in PBS, then washed again and fixed on slides 
with Fluoromount (Sigma Aldrich), dried, and observed 
with an Axio Observer D1 (Carl Zeiss, Berlin, Germany) 
equipped with a 100X oil-immersion objective.
RNA isolation and cDNA synthesis
RNA from RCC (renal cell carcinoma) tumours of clear 
cell pathology (n = 36) and matched-paired control 
samples (n = 36) with no signs of tumour infiltration 
was obtained from the RNA Bank deposited at the Cen-
tre of Postgraduate Medical Education at the Depart-
ment of Biochemistry and Molecular Biology. The use 
of tissue samples was approved by the local Bioethical 
Committee (no. 18/PB/2012 and no. 75/PB-A/2014).
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Reverse transcriptions were performed on 100 ng 
of RNA using Revert Aid H Minus First Strand cDNA 
Synthesis Kit and random hexamers (Thermo Fisher 
Scientific, Rockford, IL, USA) according to the manu-
facturer’s instructions.
Real-time quantitative PCR
Real-time quantitative PCR (qPCR) was performed 
using Taqman probes (Thermo Fisher Scientific) de-
signed to detect 18SRNA (Hs03928985_g1), ARNT 
(Hs00231048_m1), FURIN (Hs00965485_g1), HPRT 
(HS-02800695), SLC2A1 (GLUT1) (Hs00892681_m1), 
THRA (Hs00268470_m1), THRB (Hs00230861_m1), 
TRIP11 (Hs00188542_m1), VEGFA (Hs00900055_m1), 
and TaqManUniversal Master MiX II (Thermo Fisher 
Scientific), according to the manufacturer’s instructions. 
Statistical analysis
Statistical analysis was performed with GraphPad 
Prism 5.00 for Windows (GraphPad Software, San 
Diego, CA, USA) using the Shapiro-Wilk normality test, 
Wilcoxon matched pair signed rank test, paired t-test, 
1-way ANOVA with Bonferroni multiple comparisons 
post-test, and Kruskal-Wallis test with Dunn’s Multiple 
Comparison Test. P < 0.05 was considered statistically 
significant. Survival rate analysis was performed as de-
scribed previously [17], using the SurvExpress platform 
[18] and data retrieved from TCGA (https://tcga-data.
nci.nih.gov, [19]).
Results
T3 induces nuclear TRIP11 localisation via PI3K- 
-dependent mechanism
In agreement with the previous study [16] treatment 
of Caki-2 cells with T3 resulted in translocation of 
TRIP11 from Golgi complex to the nucleus (Fig. 1). We 
hypothesised that this T3 effect could be mediated 
by PI3K, previously shown to be activated by thyroid 
hormone [20, 21]. To test this hypothesis, we pre-treated 
the cells with specific PI3K inhibitor, wortmannin. This 
treatment completely abolished the T3 effect on TRIP11 
localisation (Fig. 1B).
T3 effect on TRIP11 is not mediated by  
membrane-bound receptors
T3 activates PI3K pathway by two mechanisms: either 
by THRB-mediated activation of p85α PI3K subunit in 
the cytoplasm [21] or by the mechanisms involving the 
membrane receptor, integrin αvβ3 [23]. To test the latter 
possibility, Caki-2 cells were cultured in the presence 
of T3-agarose, which precludes intracellular T3 actions. 
None of the five tested T3-agarose concentrations re-
sulted in translocation of TRIP11 to the nucleus (Fig. 2). 
This indicated that the effect of T3 on TRIP11 does not 
involve membrane receptors.
Expressions of TRIP11 and ARNT are disturbed 
in renal cancer
TRIP11 is a coactivator of signalling pathways induced 
by T3 and hypoxia [6–8]. Therefore, we analysed the 
expression TRIP11, as well as ARNT and genes involved 
in T3-signalling pathway in renal tumours. We also ad-
dressed the expression of FURIN, VEGFA, and GLUT1, 
known to be commonly regulated by HIFs and thyroid 
hormone pathway [12, 13, 15, 24, 25].
The expression of TRIP11 mRNA was statistically 
significantly (p = 1.5 × 10–3) decreased — 2.01 fold in 
RCC tumour samples when compared with matched-
paired controls (Fig. 3). In agreement with previous 
studies [2–4], the expressions of THRA and THRB were 
also significantly reduced in renal tumours (–1.27 fold 
p = 2.0 × 10–2, –4.67 fold p < 1.0 × 10–4, respectively). 
The expression ARNT trended to increase (1.22 fold) in 
RCC tumours; however, this change was not statistically 
significant (Fig. 3).
Next, we analysed the expression of genes that 
are known targets of both, hypoxia- and T3-induced 
pathways. The expression of VEGFA (4.56 fold) and 
GLUT1 (3.96 fold) was statistically significantly (p = 
5.0 × 10–4 and p < 1.0 × 10–4, respectively) induced in 
RCC tumours when compared with control samples 
(Fig. 3). There was a trend for decreased expression of 
FURIN (–1.95 fold); however, it did not reach statistical 
significance (p = 8.1 × 10–2) (Fig. 3). Remarkably, similar 
changes in expression of investigated genes were also 
confirmed on independent cohort of 534 RCC tumours 
and 72 non-tumorous controls (data obtained from 
TCGA, [19]) (Supplementary Fig. 1).
The expressions of genes involved in T3 signalling 
and hypoxia are correlated in RCC tumours
To see the potential changes in the network of interac-
tions between T3 signalling and hypoxia, we analysed 
correlations between the expression levels of studied 
genes. In agreement with known cooperation of the 
analysed genes, we found that in control samples the 
expression of TRIP11 was highly correlated (r Spearman 
> 0.75, p < 3.0 × 10–8) with expressions of THRA, THRB, 
ARNT, FURIN, VEGFA, and GLUT1. Strikingly, in tu-
mour samples TRIP11 did not correlate with VEGFA 
and GLUT1 (Fig. 4 and Supplementary Fig. 2). Similarly, 
the correlations between THRs and ARNT, VEGFA, 
and GLUT1 were much weaker or even lost in tumour 
samples comparing to controls (Fig. 4). These results 
possibly suggested that in RCC tumours the expression 
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Disturbed expression of TRIP11 and ARNT  
correlates with RCC tumour grade
Next, to check the association of TRIP11 and ARNT 
with tumour pathology, we analysed their expression in 
different RCC tumour grades. To ensure the appropri-
ate number of samples for statistical analysis, we took 
advantage of the publically available data of The Cancer 
Genome Atlas network (TCGA) [19]. The expressions of 
TRIP11 and ARNT statistically significantly decreased 
with increase of tumour grade (Fig. 5). In agreement 
with previous studies, expressions of THRA and THRB 
were also lowered in higher tumour grades (Fig. 5).
Disturbed expression of genes involved in T3 
signalling correlates with poor survival of RCC 
patients
Finally, we tested the associations between the expres-
sion of T3 signalling genes and survival of RCC patients 
(Fig. 6). Low expressions of TRIP11, THRA, and THRB 
independently correlated with poor survival of RCC 
patients (HR = 1.8, p = 5.1 × 10–4; HR = 2.0, p = 1.6 × 
10–5; HR = 1.8; p = 2.1 × 10–4, respectively). When the 
integrated signature of expression of all three genes was 
tested, the effect on patient survival was even stronger 
(HR = 2.6, p = 1.6 × 10–8).
Figure 1. Wortmannin prevents T3-induced nuclear localisation of TRIP11. A. Cells cultured without T3 — TRIP11 localises in 
cytoplasm (probably in Golgi apparatus); B. Cells treated with 100 nM T3 — TRIP11 localises in nucleus; C. Cells pre-treated with 
100nM wortmannin and cultured in the presence of 100 nM T3 — TRIP11 localises in cytoplasm (probably in Golgi apparatus); Images 
of Caki-2 cells were taken with a Zeiss Axio Observer D1 microscope equipped with 100X oil-immersion objective, stained with DAPI 
(first column ), anti-TRIP11 antibody (second column), and merged (third column)
Rycina 1. Blokowanie indukowanej przez T3 zmiany lokalizacji TRIP11 przez wortmaninę. A. Komórki hodowane bez T3 — TRIP11 jest 
zlokalizowany w cytoplazmie (prawdopodobnie w aparacie Golgiego); B. Komórki traktowane 100nM T3 — TRIP11 jest zlokalizowany 
w jądrze komórkowym; C. Komórki preinkubowane z 100nM wortmaniną i hodowane w obecności 100nM T3 — TRIP11 jest 
zlokalizowany w cytoplazmie (prawdopodobnie w aparacie Golgiego). Zdjęcia komórek linii Caki-2 wykonano z wykorzystaniem 
mikroskopu Zeiss Axio Observer D1 wyposażonego w obiektyw immersyjny o powiększeniu 100x, barwione DAPI (pierwsza kolumna), 
znakowane przeciwciałem anti-TRIP11 (druga kolumna). Scalone zdjęcia są pokazane w trzeciej kolumnie
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Figure 2. Triiodothyronine-agarose treatment has no influence on TRIP11 localisation. A. Cells treated with low T3-agarose concentration 
(100 nM) — TRIP11 localises in cytoplasm (probably in Golgi apparatus); B. Cells treated with medium T3-agarose concentration 
(200 nM) — TRIP11 localises in cytoplasm (probably in Golgi apparatus); C. Cells treated with high T3-agarose concentration 
(600 nM) — TRIP11 localises in cytoplasm (probably in Golgi apparatus). Similar results were obtained for 30 nM, 200 nM and 1800 nM 
T3-agarose concentrations. Images of Caki-2 cells were taken using a Zeiss Axio Observer D1 microscope equipped with 100X oil-
immersion objective, stained with DAPI (first column), anti-TRIP11 antibody (second column), and merged (third column)
Rycina 2. Brak wpływu T3 sprzężonego z agarozą na lokalizację TRIP11. A. Komórki traktowane niskim stężeniem T3-agarozy 
(100nM) — TRIP11 jest zlokalizowany w cytoplazmie (prawdopodobnie w aparacie Golgiego); B. Komórki traktowane średnim stężeniem 
T3-agarozy (200nM) — TRIP11 jest zlokalizowany w cytoplazmie (prawdopodobnie w aparacie Golgiego); C. Komórki traktowane 
wysokim stężeniem T3-agarozy (200nM) — TRIP11 jest zlokalizowany w cytoplazmie (prawdopodobnie w aparacie Golgiego). Identyczne 
wyniki osiągnięto dla T3-agarozy w stężeniach 30nM, 200nM i 1800 nM. Zdjęcia komórek linii Caki-2 wykonano z wykorzystaniem 
mikroskopu Zeiss Axio Observer D1 wyposażonego w obiektyw immersyjny o powiększeniu 100x, barwione DAPI (pierwsza kolumna), 
znakowane przeciwciałem anti-TRIP11 (druga kolumna). Scalone zdjęcia są pokazane w trzeciej kolumnie
Discussion
In this study, we showed for the first time that T3 regu-
lates subcellular localisation of TRIP11 by a mechanism 
involving PI3K kinase. We also revealed that renal 
tumours are characterised by changes in coregulatory 
network of T3 and hypoxia signalling pathway and 
showed that altered expression of genes involved in 
thyroid hormone signalling correlates with poor sur-
vival of renal cancer patients.
FURIN, GLUT1, and VEGFA are genes actively 
contributing to carcinogenic process. FURIN is a pro-
protein convertase that activates precursor proteins by 
amino acid sequence-specific cleavage. The expression 
of FURIN is often disturbed in cancers and contributes to 
activation of cancer-promoting proteins such as TGF-β1 
[24, 25]. GLUT1 is a glucose transporter commonly up-
regulated in cancers, which facilitates enhanced glucose 
uptake and the pro-proliferative metabolic switch in 
tumour cells [26]. VEGFA is an important growth factor 
enabling activation of angiogenesis in solid tumours 
[27–32]. Remarkably, all of these three genes are com-
monly regulated by thyroid hormone signalling and 
hypoxia [12–14, 23, 24]. In agreement with this, in non-
tumorous kidney control samples we observed strong 
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hypoxia and T3 signalling. In contrast, these correlations 
were weakened or even lost in RCC tumours (Fig. 4). 
This might suggest that in tumour cells the control of 
some genes by T3 signalling is lost. Indeed, RCC tumours 
are characterised by decreased expression of THRs [2–4]. 
Furthermore, it was shown that THRB may counteract 
PI3K activation in cancer cells, leading to attenuation 
of VEGF activation [13]. Thus, the loss of THRB in 
RCC tumours might further contribute to induction of 
VEGF expression. Moreover, T3 concentrations in RCC 
tumours are also significantly suppressed [3]. This could 
imply that T3-dependent nuclear targeting of TRIP11 
might be impaired in RCC tumours and in turn disturb 
the co-activator functions of TRIP11. To verify this hy-
pothesis, the possible changes in subcellular localisation 
of TRIP11 in RCC tumours should be analysed.
Figure 3. The expression of TRIP11 and TRIP11-related genes in renal cancer. The results of qPCR analysis performed in RCC tumours 
(n = 36) and paired-matched controls (n = 36). Statistical analysis was performed using Wilcoxon matched-pairs signed rank test 
*p < 0.05, **p < 0.01, ***p < 0.001, ****p < 0.0001
Rycina 3. Ekspresja TRIP11 i genów związanych z TRIP11 w raku nerki. Wyniki analizy qPCR przeprowadzonej w guzach RCC 
(n = 36) i sparowanych tkankach nienowotworowych (n = 36). Analizę statystyczną przeprowadzono z wykorzystaniem testu Wilcoxona 
dla par obserwacji 
*p < 0,05, **p < 0,01, ***p < 0,001, ****p < 0,0001
Figure 4. Correlation of gene expression in tumour and control samples. Correlation matrix for controls (left) and tumours (right). The 
tables show Spearman’s rank correlation coefficient values for gene expressions analysed in 36 RCC tumours and 36 paired-matched 
controls. Dark red: rs ≥ 0.9, red: 0.9 > rs ≥ 0.7, orange: 0.7 > rs ≥ 0.5. The p values are presented in lower tables (yellow p≤0.05). The 
plots showing correlations between analysed genes are presented in Supplementary Figure 2
Rycina 4. Korelacja ekspresji genów w tkankach nowotworowych i nienowotworowych. Macierz korelacji dla tkanek kontrolnych (po 
lewej) i guzów (po prawej). Tabele pokazują współczynnik korelacji rang Spearmana dla ekspresji genów analizowanych w 36 guzach 
RCC i parowanych tkankach kontrolnych. Legenda: kolor ciemnoczerwony: rs ≥ 0,9, czerwony: 0,9>rs ≥ 0,7, pomarańczowy: 0,7 > 
rs ≥ 0,5. Dolne tabele prezentują wartości p (żółty p ≤ 0,05). Wykresy pokazujące korelację pomiędzy analizowanymi genami znajdują 
się na dodatkowej rycinie 2
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Figure 5. Changes in gene expression in renal tumours of different Fuhrman grades. The plots show expression of genes in G1 
(N = 7), G2 (N = 199), G3 (N = 185), and G4 (N = 73) tumour grades. Data obtained from The Cancer Genome Atlas (TCGA, 
http://cancergenome.nih.gov) [19]. Statistical analysis was performed using one-way ANOVA with Bonferroni multiple comparisons 
post-test or Kruskal-Wallis test with Dunn’s Multiple Comparison Test 
*p < 0.05, **p < 0.01, ***p < 0.001
Rycina 5. Zmiany ekspresji genów w guzach nerki o różnym stopniu zaawansowania (klasyfikacja Fuhrmana). Wykresy pokazują 
ekspresje genów w guzach G1 (N = 7), G2 (N = 199), G3 (N = 185) i G4 (N = 73). Dane pozyskano z The Cancer Genome Atlas 
(TCGA, http://cancergenome.nih.gov) [19]. Analizę statystyczną przeprowadzono z wykorzystaniem jednoczynnikowej analizy 
wariancji z testem post-hoc Bonferroniego lub testu Kruskal-Wallisa z testem post-hoc Dunna 
*p < 0,05, **p < 0,01, ***p < 0,001
Depletion of TRIP11 from mouse embryos leads 
to fragmentation of Golgi apparatus in kidney cells, 
thus interfering with secretory trafficking [33]. It was 
also suggested that TRIP11 may play a specific role in 
secretion of extracellular matrix proteins [34]. Remark-
ably, disturbances in expression and secretion of ECM 
proteins contribute to the progression of renal and 
other cancers [17, 35, 36]. Thus, disturbed expression 
of TRIP11 might also contribute to alterations in ECM 
of renal tumours. This possibility should be also experi-
mentally evaluated. When confirmed, this could at least 
partially explain the mechanism by which decreased 
TRIP11 expression may contribute to the lower survival 
of RCC patients.
Finally, the possible protective role of T3 signalling 
in cancer is in agreement with the well-known tumour 
suppressive roles of THRB [13, 37]. The results of our 
study fit this model well because decreased expression 
of genes involved in T3 signalling correlated with poor 
survival of RCC patients (Fig. 6).
The significance of our results might expand be-
yond the molecular basis of carcinogenesis. TRIP11 is 
indispensable for proper development of bone, and 
its loss in mice leads to lethal skeletal dysplasia [33]. 
Furthermore, patients with achondrogenesis type 1A, 
a neonatal, lethal form of skeletal dysplasia, bear inac-
tivating mutations in the TRIP11 gene [33]. It is known 
that thyroid hormones are indispensable for proper 
development and that mutation in THRs or changes in 
intracellular T3 levels lead to disturbances in bone for-
mation [38]. These effects are explained mainly by loss 
of T3-dependent effects on gene expression. However, 
it may be hypothesised that spatio-temporal intracel-
lular changes in T3 may also contribute to the process 
of bone formation by affecting TRIP11 localisation. This 
hypothesis should be verified by future studies.
Conclusions
To sum up, this study revealed the PI3K-involving 
mechanism by which T3 regulates intranuclear traf-
ficking of TRIP11. We also demonstrated changes in 
the network of genes involved in hypoxia and thyroid 
hormone signalling, possibly indicating the loss of 
T3 control on expression of targets involved in the 
regulation of tumour progression. The study shows 
for the first time that disturbed expression of T3 sig-
nalling pathway genes correlates with progression 
of RCC. The specific mechanisms by which altered 
expression of genes involved in T3 signalling contrib-
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Figure 6. The expression of TRIP11, THRA, and THRB correlates with RCC patients’ survival rate. A. The graphs show results of 
Kaplan-Meier analysis of patients’ survival for TRIP11, THRA, and THRB analysed separately and as a panel of genes (TRIP11, THRA, 
THRB) in a cohort of 468 patients. The data was retrieved from TCGA and the analysis was performed using SurvExpress. The red 
and green lines depict patients with high and low risk, respectively. The numbers of patients in each group are shown below the graphs. 
Censored observations are shown with +. Log-rank p values, hazard ratio (HR), and confidence intervals (C.I.) are shown above each 
graph; B. The expression of genes stratified by risk groups. The data was retrieved from TCGA and the analysis was performed using 
SurvExpress; t-test was used to compute p values. P < 0.05 was considered statistically significant. P values are shown above box plots 
for each gene. Green — expression in low-risk group. Red — expression in high-risk group. Note that the scales are different
Rycina 6. Ekspresja TRIP11, THRA i THRB koreluje z czasem przeżycia pacjentów z RCC. A Wykresy pokazują wyniki analizy 
przeżycia Kaplana-Meiera pacjentów z RCC dla TRIP11, THRA, THRB analizowanych oddzielnie i jako panel genów (TRIP11, THRA, 
THRB) na danych transkryptomicznych pochodzących od 468 chorych. Dane pozyskane zostały z ogólnodostępnej bazy konsorcjum 
TCGA, analizę prowadzono z wykorzystaniem narzędzia SurvExpress. Czerwone i zielone linie przedstawiają pacjentów z, odpowiednio, 
wysokim i niskim ryzykiem śmierci. Liczba pacjentów w każdej grupie pokazana jest pod wykresem. Cenzurowane obserwacje są 
pokazane za pomocą znaku +. Nad każdym wykresem pokazane są wartości log-rank p, ryzyko względne (HR) i przedziały ufności (C.I.); 
B. Analiza poziomu ekspresji genów z podziałem na grupy ryzyka. Dane pozyskano z TCGA i analizowano z wykorzystaniem narzędzia SurvExpress; 
do obliczenia istotności statystycznej wykorzystywano test-t; p < 0,05 uznawano za istotne statystycznie. Kolor zielony — ekspresja genu 
w grupie niskiego ryzyka. Kolor czerwony — ekspresja genu w grupie wysokiego ryzyka. Uwaga — skale są różne dla poszczególnych wykresów
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Supplementary figure 1. Validation of gene expression analysis on independent cohort of RCC patients. The plots show median 
expression of genes generated using Firebrowse tool (firebrowse.org), accessed on 16.12.2016, using clear cell renal cell carcinoma (KIRC) 
data of The Cancer Genome Atlas (TCGA, http://cancergenome.nih.gov, [19]) consortium. The number of tumour samples available for 
analysis was n = 534, and the number of non-tumorous control samples was n = 72 for each analysed gene
Rycina dodatkowa 1. Walidacja poziomu ekspresji genów na niezależnej kohorcie chorych z RCC. Wykresy pokazujące medianę ekspresji 
genów zostały wygenerowane przez narzędzie Firebrowse (firebrowse.org), dnia 16.12.2016, z wykorzystaniem bazy danych dla RCC 
(KIRC) z The Cancer Genome Atlas (TCGA, http://cancergenome.nih.gov, [19]). Dla każdego analizowanego genu dostępne były 
dane dla 534 tkanek nowotworowych i 72 tkanek nienowotworowych
Supplementary figure 2. Correlation of gene expression in tumour and control samples. The plots show correlation between expression 
of TRIP11, THRA, THRB, ARNT and THRA, THRB, FURIN, VEGFA, and GLUT1 in control (n = 36) and tumour tissues (n = 36)
rs = Spearman’s rank correlation coefficient; p < 0.05 was considered statistically significant
Rycina dodatkowa 2. Korelacja poziomu ekspresji genów w tkankach nowotworowych i nienowotworowych. Wykresy pokazują 
korelacje pomiędzy ekspresją TRIP11, THRA, THRB, ARNT i THRA, THRB, FURIN, VEGFA, GLUT1 w tkankach kontrolnych 
(n = 36) i guzach (n = 36) 
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